-17&rnonrecoverable components. The modified superposition principle was used to predict the viscoelastic strain component under variable stress states for both models. The experiments showed that the viscous-viscoelastic model with either strain-hardening or kinematic hardening gave very good predictions of the material responses. Strain hardening was best in some step-down stress states. The viscoelastic component accounted for not only the recovery strain bu. also the transient creep strain upon reloadings and step-up loadings.( 
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INTRODUCTION
There have been great advances in development of constitutive relations suitable for material used in design for high temperature.
However, all suffer from a lack of experimental data to evaluate them
Il].
Classically, most constitutive relations were based on the strain ;a
Eight tests are reported here whose loading programs and the resulting total strain versus time are shown in Fig. 1-8 Fig. 1 , was not shown in [13] because some friction was detected in the strain measuring system during the first step and small adjustments were made during step 2 to save the following steps.
The loading direction remains constant for each test. The stress magnitudes change abruptly in the following ways: step up followed by step down as in Fig. 2 , step down followed by step up as in Fig. 3 and 8, and step down followed by reloading and step down as in Fig. 1 , Fig. 7 , is a compression test with the loading program exactly the same as that of tension test A32 shown in the same figure. When the stress was reduced in one or two steps to about one half there was a short strain recovery period followed by a long period with no strain change, as in period 7 Fig. 1 
STRESS-STRAIN-TIME RELATIONS FOR CONSTANT STRESS STATES
In the VV model, the total strain cij during constant stress creep was represented as: 
where cjtN = C ¢ j is the time dependent strain for the VP model, and N was found to be 0.407, [13]. The elastic moduli for tension E and for torsion G were found to be 6.50xi0 4 MPa (9.43xi0 3 ksi) and 2.38xlO4 HPa 
0 where the strain at constant stress is given by E = f(a,t).
For a series of m steps in stress as in the present test programs, the strain was described by the following form from Eq. (7) 
Differentiating both sides with respect to time yields
To obtain a strain hardening flow rule the t in Eq. (10) was expressed in terms of the accumulated strain as follows. Taking the maximum of the shear strain on the left hand side of Eq. (9) and the maximum of the shear stress on the right hand side yields the following expression:
from which,
where Cjj is the magnitude of the strain tensor defined by the Tresca relation. The choice of the Tresca relation instead of a Mises
. . 
-10- with the stress dependent coefficients replaced by F(Tax)Oij. 
and -ij , 2 (Iiji, Iycjl)Zlj (evolution rule) , In a pure torsion test, aij is equal to zero except for ) and (21) thus reduce to the following forms: 
C12(t=O) = HI(T)
. Therefore function Hl can be specified by the relationship between the initial shear creep rates and shear stresses.
However, the initial creep rates are so rapid as to be indeterminant, possibly infinite according to Eq. (1), (2) . In order to obtain a reasonable estimation of an initial creep rate, the first two hours of creep data of all the tests reported in It was found that there existed small gaps between ¢ij and the estimated elastic responses for some high stress level creep tests.
These gaps might be due to plastic strain or high strain rate effects during loading. These gaps were neglected and no Lime independent plastic strain was included in the theoretical analysis, see [13]. To compensate for these gaps by time dependent strain, a virtual data at t -0 calculated from E or G was put in each of those creep data sets whose effective stress magnitudes were equal to or greater than 137.2 MPa (19.90 ksi) as mentioned in the note for Table 3 in [131.
Since the deviations were small they actually had very little effect The relationships between "initial" shear creep rates and r were found to be best represented by the following expressions: For the VV model,
or, for the VP model, 
£12(t)
To obtain the evolution rule, an interrelation between Q, a, and 
KINEMATIC HARDENING RULES FOR MULTIAXIAL STRESS STATES
Equation ( The validity of these multiaxial relations can be checked by viewing the data and theory for the first step of each of the pure tension and the combined tension and torsion tests shown in Fig. 1-8 .
*|
The dashed and dash-dot lines represent the results predicted by the above multiaxial relations for VV and VP models, respectively.
Since this paper deals only with multistep proportional loadings, V V *Ci~ was taken to be zero whenever tij was smaller than zero, i.e. j Table 2 . 
